Alcohol consumption has been associated with an increased risk of lung cancer, but the antioxidants in wine may, in theory, provide protection. This association was studied in 28,160 men and women subjects from three prospective studies conducted in 1964-1992 in Copenhagen, Denmark. After adjustment for age, smoking, and education, a low to moderate alcohol intake (1-20 drinks per week) was not associated with an increased risk of lung cancer. Men who consumed 21-41 and more than 41 drinks per week had relative risks of 1.23 (95% confidence interval (Cl) 0.88-1.74) and 1.57 (95% Cl 1.06-2.33), respectively. The risk of lung cancer differed according to the type of alcohol consumed: After abstainers were excluded, drinkers of 1-13 and more than 13 glasses of wine per week had relative risks of 0.78 (95% Cl 0.63-0.97) and 0.44 (95% Cl 0.22-0.86), respectively, as compared with nondrinkers of wine (pfor trend = 0.002). Corresponding relative risks for beer intake were 1.09 (95% Cl 0.83-1.43) and 1.36 (95% Cl 1.02-1.82), respectively (pfor trend = 0.01); for spirits, they were 1.21 (95% Cl 0.97-1.50) and 1.46 (95% Cl 0.99-2.14), respectively (pfor trend = 0.02). In women, the ability to detect associations with high alcohol intake and type of beverage was limited because of a limited range of alcohol intake. The authors concluded that in men, a high consumption of beer and spirits is associated with an increased risk of lung cancer, whereas wine intake may protect against the development of lung cancer.
the question of whether alcohol intake is an independent risk factor for the development of lung cancer and whether any such effect depends on the type of alcoholic beverage consumed.
MATERIALS AND METHODS
Our study was based on data from three longitudinal population studies conducted in the Copenhagen area: the Copenhagen City Heart Study, the Centre of Preventive Medicine (formerly the Glostrup Population Studies), and the Copenhagen Male Study. All three have been described in detail previously (9) (10) (11) (12) .
Briefly, the Copenhagen City Heart Study population comprised 14,223 randomly selected, agestratified men and women aged 20 years or older from a defined area of central Copenhagen who were examined in 1976 -1978 -1983 , subjects were reexamined and 500 new subjects were included. Since 1964, the Glostrup Population Studies have followed different randomly selected birth cohorts of the population from selected western suburbs of Copenhagen, all with an equal distribution of men and women. For this study, we used data from the following birth cohorts: 484 subjects born in 1897 and examined in 1967, 1977 , and 1982; 1,254 subjects born in 1914 and examined in 1964, 1974, 1984 , and 1989; 1,108 subjects born in 1936 and examined in 1976, 1981 , and 1987; 3,785 subjects randomly sampled from four birth cohorts (1922, 1932, 1942, and 1952 ) and examined in 1982 and 1987; 1,504 subjects born in 1927, 1937, 1947 , and 1957 and examined in 1987; and 2,027 subjects born in 1932, 1942, 1952, and 1962 and examined in 1992. The Glostrup Population Studies population thus comprised 10,162 subjects. The Copenhagen Male Study, a cardiovascular study set up in 1970, has followed 5,246 men who were aged 40-59 years at study inclusion sampled from 14 large workplaces in the Copenhagen area and examined in 1970, 1971, 1976, and 1985. Our combined study population included 17,669 men and 13,525 women. The mean response rate at first examination was 77 percent (range, 69-88 percent). For the present study, 15,107 men and 13,053 women contributed full information on their intake of wine, beer, and spirits. These data were used throughout the study.
Questionnaires
For all three population studies, the subjects filled out self-administered questionnaires on various healthrelated issues, including drinking and smoking habits as well as the duration of their school education. All participants were asked multiple-choice questions about the average number of glasses of wine, beers, and drinks of spirits they consumed per week. The subjects were classified into the following six categories according to their total weekly alcohol intake: less than 1, 1-6, 7-13, 14-20, 21-41, or more than 41 drinks per week. For the specific analyses by alcohol type, drinkers of wine, beer, and spirits were classified as consuming less than 1, 1-13, or more than 13 drinks per week. A normal Danish beer contains 12 g of alcohol, which was considered the per-drink average for both wine and spirits.
We used alcohol consumption measured at one point in time as an indicator of the general level of exposure to alcohol, which could imply a risk of misclassification. Although the risk of misclassification was great, it was likely to be nondifferential and, if anything, would have caused us to underestimate any true differences. However, several of the cohorts participating in the Copenhagen Centre for Prospective Population Studies were reexamined once or twice, and our analyses were repeated using updated alcohol intake information for each follow-up period.
Tobacco use was studied by assessing smoking status (never smoker; ex-smoker; noninhaling current smoker; and inhaling current smoker of 1-14, 15-24, or more than 24 g of tobacco per day), type of tobacco used (cigarettes with or without a filter, cheroot, cigar, pipe, or mixed types), and number of years of smoking. One cigarette was equivalent to 1 g, a cheroot to 3 g, and a cigar to 5 g of tobacco. Pack-years were calculated for current smokers as years of smoking x daily grams of tobacco divided by 20. When possible, data on smoking habits were also updated to minimize the risk of residual confounding by smoking, which was a key issue. Duration of school education was categorized as less than 8, 8-11, or more than 11 years.
Follow-up
Lung cancer cases were identified by record linkage with the Danish Cancer Register using the unique personal registration number (each person in Denmark is assigned a unique number). Therefore, there was no loss to follow-up except as a result of emigration or disappearance from registration (0.6 percent). In validation studies, the Cancer Register has been found to register 95-99 percent of all cancers, with the highest degree of completion for cancers that have a high mortality rate, such as lung cancer (13) (14) (15) . Vital status of the population sample was followed until January 1, 1994 
Statistical analysis
The purpose of the analysis was to estimate the relative risk of lung cancer by considering the amount and type of alcohol consumed, while taking potential confounding into account. Data were analyzed by means of Cox regression models with age as the time scale and delayed entry implemented accordingly (16) . All analyses were gender specific.
The adjusted risks of lung cancer were found to differ between the three studies. Therefore, a covariate with three categories describing the study of origin was included in the regression model and tested for interactions with the other covariates in the model. No interactions were found, and this paper reports results for the pooled data.
Since smoking is a strong confounder of the relation between alcohol and lung cancer, detailed adjustment for smoking was performed. After smoking was modeled in various ways, including using pack-years and type of tobacco smoked, the best fit (assessed by using the likelihood ratio test) was found in a model that included six categories of current smoking and eight 10-year bands of duration of smoking, both covariates treated as categorical variables. The analyses shown in this paper are based on updated smoking information,
but when we repeated the analyses on the basis of smoking status at baseline, the results were unaffected.
For our analyses of the associations between total alcohol consumption and lung cancer, the model thus included the main effects of alcohol intake (six levels), smoking habits (six categories of present smoking and eight categories of duration of smoking), study of origin (three levels), and education (three levels). To analyze the independent effect of the three different types of alcoholic beverages, we included intake of wine, beer, and spirits as separate covariates (each with three levels) in the same model. The following Cox regression model was used: Log (hazard rate) = a + a x wine (three levels) + b x beer (three levels) + c x spirits (three levels) + d x smoking status (six levels) + e x duration of smoking (eight levels) + / x education (three levels) + g x study (three levels).
In this model a, b, and c were each used to estimate the effect of an increasing intake of one type of alcoholic beverage on the fixed consumption of each of the other types. Since total alcohol consumption was calculated as the sum of the intake of wine, beer, and spirits, the model also adjusted for total alcohol consumption. Analyses were performed both with and without abstainers (subjects whose average total alcohol intake was less than one drink per week).
All covariates were categorical. No interaction between smoking and total alcohol consumption or type of alcohol was found. Introduction of first-order interaction terms between beer and spirits, beer and wine, and spirits and wine showed no evidence of interaction. All statistical analyses were done by using STATA computer software (17) .
RESULTS
A total of 30 percent of the women and 10.5 percent of the men consumed less than one drink of alcohol per week, whereas 8 percent of the women and 42 percent of the men consumed more than 13 drinks per week. This unequal distribution of alcohol intake by gender was mainly due to a higher intake of beer and spirits among men. During a total of 382,612 person-years, 674 cases of lung cancer were identified, 480 men and 194 women.
A moderate intake of alcohol (less than 21 drinks per week) was not associated with lung cancer in men or in women (table 1) . Men who consumed more than 20 drinks per week had a moderately increased risk, which was attenuated by adjustment for smoking. In women, our ability to detect any association above a weekly intake of 20 drinks was limited because of the limited range of alcohol intake.
Compared with never smokers, the age-adjusted relative risks of lung cancer in male smokers were 5. Wine drinkers differed from drinkers of beer and spirits mainly in that fewer were heavy smokers and more had a higher educational level (table 2) . Abstainers were older, fewer were heavy smokers, and a higher proportion of them had less than eight years of school education. Since the focus of subsequent analyses was on the effects of different types of alcohol, abstainers were excluded from these analyses. In men, lung cancer risk increased significantly with a weekly consumption of both beer and spirits and decreased with consumption of wine (table 3) . Adjustment for smoking attenuated the risk associated with intake of beer and spirits, but the association with wine remained unaffected. After adjustment for smoking, the risk for drinkers of beer and spirits increased a maximum of almost 50 percent compared with nondrinkers of the corresponding type of alcoholic beverage (p for trend = 0.01 and 0.02, respectively). However, wine intake remained inversely associated with lung cancer: The relative risks for drinkers of 1-13 and more than 13 glasses of wine per week were 0.78 (95 percent CI 0.63-0.97) and 0.44 (95 percent CI 0.22^0.86), respectively, as compared with nonconsumers of wine (p for trend = 0.002).
In women, the associations of intake of beer and spirits with lung cancer were also attenuated by adjustment for smoking. No significant associations were found after adjustment, but the statistical power was limited, as indicated by the wide 95 percent confidence intervals. When analyses were repeated without excluding abstainers and with updated covariates on alcohol intake, the results were the same.
DISCUSSION
We found that a light to moderate alcohol intake was not associated with lung cancer in men or women, whereas the risk of lung cancer was increased among men who drank heavily. Risk of lung cancer was positively associated with intake of beer and spirits and negatively associated with intake of wine. Studies of alcoholics (18, 19) and ecologic studies (4, 20, 21) have found a possible association between alcohol intake and lung cancer. Several case-control studies have reported an increased risk of lung cancer with alcohol intake, although others have found no association (1, (22) (23) (24) (25) . Similarly, some prospective studies have found an association whereas others have not (26) (27) (28) (29) (30) (31) . In some studies, an increased risk was found mainly for beer drinkers (1, 24) , but wine intake in these studies was limited.
Inconsistency between results may be caused by several factors. In case-control studies, the possibility of recall and interviewer bias is a major concern. Because of the high mortality of lung cancer, information is often obtained from a subject's next of kin, which has been shown to affect risk estimates (32) . In addition, selection bias may be a major problem in case-control studies in which a high proportion of cases may decline to participate (1), just as results are sensitive to the choice of controls. A conspicuous shortcoming in a number of prospective studies is that alcohol intake in many study populations is limited to a rather narrow range. This problem is clearly enhanced when addressing the question of the effects of different types of alcoholic beverages. In addition, the ability to study the separate effects of wine and spirits has been limited by the low intake of these beverages among most study populations. Finally, since the development of lung cancer is closely associated with accumulated tobacco exposure, adjustment should include the duration of smoking in addition to the amount of tobacco smoked, which is not always done.
The present study was based on a large population sample with a large number of endpoints for both men and women. Because of the prospective design, selection and recall bias were minimized. The quantity of alcohol consumed varied considerably, which enabled us to study the effects of alcohol on a wide range of daily intake levels, although the number of women with a high intake was limited. Furthermore, enough wine, beer, and spirits were consumed to enable us to study the effect of each type of drink separately.
As expected, smoking was a strong predictor of lung cancer, with relative risks of 18-25 among inhaling heavy smokers as compared with'never smokers. This finding is similar to the results from other studies (33, 34) . Smoking was also associated with alcohol consumption, and detailed adjustment for smoking was essential for interpretation of the results. Thus, we modeled smoking in various ways, including packyears, and adjusted simultaneously for daily consumption, years of smoking, and inhalation, and we continuously updated characteristics of smoking when subjects were reexamined. The type of tobacco smoked was found to be of no importance when differences in inhalation habits were taken into account.
Intake of alcohol, particularly beer and spirits, was associated with smoking, and the associations between the intake of beer and spirits and the development of lung cancer were attenuated by adjustment for smoking. Since smoking is such a strong risk factor for lung cancer, the remaining risk associated with intake of beer and spirits may be caused by residual confounding, and results must be interpreted with caution. On the other hand, alcohol drinking is known to be related to some types of cancer (35) , and it is possible that there is a carcinogenic or cocarcinogenic effect of alcohol or, more likely, of some of the metabolites of alcohol, such as acetaldehyde (36) . The negative association between wine intake and lung cancer remained unaffected by adjustment for smoking and is therefore not likely to be explained by residual confounding by smoking.
Numerous studies have consistently shown that consumption of fruits and vegetables is associated with a lowered risk of lung cancer (37) (38) (39) (40) (41) (42) (43) (44) (45) (46) (47) . This association was earlier thought to be due to beta-carotene, but three large intervention studies have been unable to confirm this finding (48) (49) (50) . Since beta-carotenes are also antioxidants, other micronutrients with this potential (e.g., vitamins E and C) have also been proposed to reduce lung cancer risk. However, epidemiologic evidence is not currently persuasive for any one of these micronutrients. Other antioxidants, phytochemicals, and associated dietary patterns may explain the beneficial effects of vegetables and fruits and have not yet been explored adequately. Some studies, both prospective and retrospective, have indicated that diets high in fat, saturated fat, and cholesterol may increase the risk of lung cancer and that the effect may not be mediated through fruit and vegetable intake (7, (51) (52) (53) (54) . Thus, despite overwhelming evidence of an association between diet and lung cancer, the substances responsible have not been identified.
Consumption of fruits and vegetables may be associated with intake of the different types of alcoholic beverages we studied. That is, drinkers of beer and spirits may have different dietary patterns from those of abstainers and wine drinkers. This difference could explain some of the associations between the type of alcoholic beverage and lung cancer found in this study. However, as long as we do not know which diet components are responsible for the protective effect on lung cancer, the issue of a possible protective effect of constituents of wine is an important contribution to this discussion. To our knowledge, none of the many studies of diet and lung cancer has adjusted for wine intake.
More than three quarters of the wine consumed in Denmark is red. In our data, we were not able to distinguish between the effects of red and white wine on the risk of lung cancer. Some authors have attributed the additional beneficial effect of a low alcohol intake to factors specifically found in red wine, whereas others have suggested that additional active components are found in both red and white wine (55) . Drinking patterns may also be important. To our knowledge, the issue of drinking patterns has not been addressed with regard to lung cancer. A recent study from Australia showed that only regular and not irregular (light) alcohol drinkers experience a beneficial eifect on coronary heart disease risk (56) , but whether this phenomenon can be applied to the development of lung cancer is unclear. Wine drinkers may be more likely to be steady drinkers, whereas consumers of beer and spirits may be more likely to be binge drinkers.
The finding that wine intake may induce a moderate protection against lung cancer does not suggest that wine drinking should be recommended to prevent lung cancer among smokers. Indeed, smoking remains by far the most important and well-documented risk factor for lung cancer. However, the possibility of a causal association is intriguing. Other antioxidants present in fruits, vegetables, and wine are flavonoids. A few casecontrol studies have found that intake of onions and tea, both rich in flavonoids, is inversely associated with lung cancer (57, 58) , and a recent cohort study from Finland has shown that dietary flavonoids protect against lung cancer, although not against other types of cancer (59) . This finding may imply that in the lungs, flavonoids modify the effect of the carcinogens found in smoke. Another compound in wine is resveratrol, which a recent experimental study has shown to inhibit tumor initiation, promotion, and progression (60) . For the moment, these possibilities are speculative, but further exploration of the association may provide a valuable understanding of the mechanisms responsible for the pathogenesis of lung cancer.
In conclusion, we found that a high intake of beer and spirits was associated with an increased risk of lung cancer in men, but because of the possibility of residual confounding by smoking, this finding should be interpreted with caution. Conversely, intake of wine was associated with a reduced risk of lung cancer. This seemingly protective effect may be related to the antioxidant properties of wine and deserves further attention.
